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Abstract

Calculations of the surface acoustic wave (SAW)
properties of berlinite (AIPOL) and B-eucryptite
(B-LiA1S;04) show that both materials are temperature
compensated along both singly rotated and doubly rotat-
ed orientations.

; For berlinite, several orientations combine zero
electromechanical power flow angles with more than four
times the piezoelectric coupling of ST cut quartz. The
best singly rotated orientation is a direct analog of
the ST cut of quartz. This cut has, like ST quartz, a ~
zero electromechanical power flow angT@, but the dis-
tinct advantage of more than four times the piezoelec-
tric coupling. Even more promising are the results ob-
tained for two doubly rotated cuts which combine all
the advantages of the singly rotated cut with the added
feature of better diffraction properties than ST cut
quartz.

For P-eucryptite, a singly rotated orientation has
a SAW velocity of 3662 m/sec and almost twice the piezo-
electric coupling of ST cut quartz, but the disadvan-
tage of an electromechanical power flow angle of 18 de-
grees. On the other hand, a doubly rotated orientation
has a zero electromechanical power flow angle, but only
half the piezoelectric coupling of ST cut quartz.

The results for berlinite show that it represents
an attractive alternative to quartz for use in broad-
band, low insertion loss SAW devices. The relatively
low piezoelectric coupling of B-eucryptite makes it un-
attractive for broad-band, low insertion loss applica-
tions, but its relatively large SAW velocity indicates
that it may be useful in high frequency applications.

Introduction

The desire to develop improved broad-band, low in-
sertion loss SAW devices with temperature independent
performance characteristics has resulted in a search for
substrate materials that are temperature compensated and
have piezoslectric coupling greater than that of ST cut
quartz., A major contribution to the search for such
materjals has been the development of a phenomenological
model' which explains why known materials are tempera-
ture compensated. According to that model, tempera-
ture compensated materials possess either of the follow-
ing anomalous properties: (1) a positive temperature
coefficient of velocity or elastic constant or (2) a
negative coefficient of thermal expgnsion. Quartz, for
example, [s temperature compensated® because the temper-
asture coefficient of Cgg, the elastic con'nnt for shear
propagation along the g‘ull. is positive'.

Because quartz is temperature compensated, recent
attention has been focused on certain quartz derivatives,
Two of these materials, berlinite (AIPOy) and p-eucryp-
tite (B-LIAIS|0,), eare particularly interesting because
they easch satisfy one of the criteria of the sbove-
mentioned phenomenological model. Berlinite has, like
quartz, a positive temperature coefficient for Cgg, tm
elastic constant for shear propagation along tho‘g axie’,
p-sucryptite, on the other hand, has a negative coeffi-
cient of tho‘-gl expansion in the direction of the hexa-
gonal C-axis™+?,

Recent calculations of the surface acoustic wave
properties of berlinite and P-eucryptite have shown
that both of these materials are temperature compensated
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along both singly rotated and doubly rotated orienta-
tions., This paper will review the results of those
calculations, consider their significance for SAW appli-
cations, and briefly compare them with results obtained
with other materials being studied,

Berlinite

The procedure used to calculate surface acoustic
wave properties has been described before®.7.8. 1t re-
quires, for the material being studied, experimental
values for the elastic, piezoelectric, and dielectric
constants, their respective temperature coefficients,
the density, and the coefficients of thermal expansion.
In the calculations reported here, the constants for
borllniu were all taken from the data of Chang and
Barsch?,

initial results showed that berlinite indeed has
temperature compensated cuts with more than four times
the piezoelectric coupling of ST cut quartz®., However,
none of those Initially reported cuts had a zero elec-
tromechanical power flow angle, a desirable property
characteristic of ST cut quartz, Subsequent calcula-
tions produced two singly rotated cuts and two doubly
rotated cuts, oll7of which have zero electromechanical
power flow angles’. The most promising of the singly
rotated cuts is the X axis boule 80,4° cut, & direct
analog of the ST cut of quartz. The two cuts are com-
pared in Table |. Note that the piezoelectric coupling,
AV/Ve, of the X-axls boule B80.4° cut is more than four
times as large as that of ST quartz, a distinct advan-
tage. Other calculations have been made to investigate
the b:gavlour of pseudo surface acoustic waves on ber-
linite?,

Table | aiso shows that the slope of the power flow
angle, /8, is larger for the X axis boule 80.4° cut of
berlinite than it is for the ST cut % quartz. Accord-
ing to the theory of SAW diffraction'V, this means that
ST cut quartz has better diffraction properties than the
X axis houle 80.4° cut of berlinite.. The desire to find

temperature compensated cuts of berlinite having better
diffraction properties than the singly rotated 80.4° cut
motivated consideration of doubly rotated cuts. In par-

ticular, the b= 90.0 plane of an orthogonal coordinate
system having the three Euler anzln A, », and 8 as its
basis was carefully searched. The u = 90.0 plane was of
particular Interest because it contains four of the stan-
dard crystallographic cuts, including the X cut and 2
axis cylinder, for which temperature compensated orien-
tations were found earlier,

The results are shown in Figure |. The dashed and
solid curves represent, respectively, the loci of Euler
angles for which the electromechanical power flow angle
and the temperoture coefficient of time delay are zero.
As can be seen in the blown up portion of the Figure,
the locl Intersect in a total of twelve places through-
out the plane. Because of crystal symmetry, however,
only two of the points are independent, and those cir-
cled in Figure | are listed in Table |. Notice that
while they have about the same plezoelectric coupling
as the singly rotated 80.4° cut, the slopes of their
power flow angles are smaller than those of either the
80.4° cut or the ST cut of quartz, giving them the
added advantage of less diffraction spreading.

A-Eucryptite
To calculate the SAW properties of p-eucryptite,
coefficients of thermal expansion were obtained from
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the data of Numl“ and Shulzs. and dielectric constants
were obtained from the data of Bohm''. Values for the
elastic and piezoelectric constants and the dcnllty
were obtained from the data of Barsch and Spur' , which
were measured on samples of PB-eucryptite grown at
Pennsylvania State University, Figure 2 shows the vari-
ation of SAW velocity, electromechanical power flow
angle, piezoelectric coupling, and temperature coeffi-
cient of time delay for the X cut, for which a singly
rotatsd temperature compensated orientation was found

at 69°. Table | shows that although the piezoelectric
coupling for this cut is almost twice as large as that
of ST quartz, it has the disadvantage of an 18 degree
electromechanical power flow angle,

As was done in the case of berlinite, doubly ro-
tated cuts were considered also, and a temperature com-
pensated cut having a zero elogtrmchmlcal power flow
angle was found «n the A = 0.0" plane, as shown in
Figure 3. As can be seen in the Figure, the loci inter-
sect in a total of four places throughout the plane.
Again, because of crystal symmetry, only one of the
points is independent, and it is listed in Table |
where it can be seen that, unfortunately, the piezo-
electric coupling of this doubly rotated cut is only
about half as large as that of ST quartz. Perhaps the
most attractive feature of this material is that it has
the highest SAW velocity of all the temperature compen-
sated materials listed in Table |, 3662 m/sec.

Other Temperature Compensated Materials

The sulfosalts are a class of materials of the fom
T138Xy, where B can be V, Nb, or Ta, and X can be S or
Se. Recent calculations have shown that at least two
of these materials are temperature compensated with sig-
nlflcmtl‘ lngor piezoelectric coupling than
berlinite!3: 1% one particular cut of Tl, VS,, for ex-
ample, has_four times the piezoelectric cgupl'fng of
berlinite!3., As shown in Table 1, however, this cut
has the disadvantage of a rather large electromechanic al
power flow angle, about -17 degrees. Another cut of
the same material and one of Tl3 Ta Sey, having zero
oloctrgn:hmlul power flow angles, have also been
found!>, As the data in Table | shows, the piezoelec-
tric coupling of these cuts is not as large as that of
the first cut discussed, but it is still more than twice
as large as that of berlinite. The table also shows
that the SAW velocities of the sulfosalts are only about
1/3 as large as that of berlinite. This is a disadvan-
tage for high frequency applications, but an advantage
for long delay lines and low frequency SAW filters.

A composite material, consisting of a film of sili-
con dioxide on lithium tmtllfgo, has also been shown
to be temperature compensated'®. This material has, as
shown in Table |, a2 very small electromechanical power
flow angle, a piezoelectric coupling of about .007, and
a relatively large SAW velocity. The most attractive
feature of the material is that its second order temper-
ature coefficient of time delay is nearly an order of
magnitude smaller than that of ST cut quartz, Despite
these positive attributes, the composite has several
drawbacks due to the Si0, film, Including: (1) Iits
thickness must be very accurately controlled, (2) it is
very lossy st high frequencies, and (3) it is disper-
sive,

Conclusions

Several temperature compensated cuts of berlinite,
having zero electromechanical power flow angles and
more than four times the piezoelectric coupling of ST
cut quartz, have been found. Even more encouraging are
recent msasurements of the piezoelectric strain constant
dyy by X-ray methods which have shown that this quantity
uJ. consequently, the piezoelectric coupling may be

20 to percent larger than the previously determined
values'/, All these results indicate that berlinite
appears to be a better substrate material than quartz,
and as good quality supplies of the materical become
available, it will be attractive for use in broad-band,
low insertion loss surface acoustic wave devices.

B-Eucryptite has also been shown to be temperature
compensated, and this Jends further credence to the
phenomenological model' which helps predict which
materials may be temperature compensated, The piezo-
electric coupling of B-eucryptite is relatively poor,
however, and It does not appear to be as attractive for
broad-band, low insertion loss applications as berlnite;
however, because of its relatively large SAW velocity,
it may find use in high frequency applications,

Berlinite and B-eucryptite are shown on the state-
of-the-art diagram in Figure 4, along with the other
materials discussed above. Clearly, the search for
high coupling temperature compensated materials has
produced some attractive results, and it promises to
produce more. No single one of these materials is per-
fect for every SAW application, but together they in-
crease the variety of choices available to the design
engineer and, most importantly, they remove the need to
use lithium niobate with its associated ovens for broad-
band, low insertion loss devices, for which ST quartz
is not adequate.
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